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ABSTRACT
The flood on the Lourens River of 28 August 2013, but especially the flood of 15 November 2013, caused
severe damage in Somerset West and Strand. The flood peaks of these two floods are estimated to be
110 m3/s and 162 m3/s respectively. The November 2013 flood is especially known for the damage it caused
to the Vergelegen Mediclinic, but extensive damage was also experienced at farms and the urban areas on
the floodplains down to the river mouth. During the November 2013 flood the flood flow width was 1.2 km
at Main Street in Somerset West. This paper discusses the flood hydrology and hydraulics of these 2013
floods on the Lourens River.
The November 2013 flood runoff had two peaks. While the rainstorm was an extreme event (T(a) > 200 year
localised at Morgenster and 20 to 50 year elsewhere in the catchment), the runoff was only a 1:14 year flood
event. This is because the high intensity rain fell when the antecedent conditions were very dry, and the
second rainfall peak had a much smaller recurrence interval but by then the soil was saturated.
Deterministic methods which analysed the local rainfall during the storm events, as well as probabilistic
hydrological methods, were used to determine the annual recurrence interval flood peaks of the Lourens
River. The proposed flood peaks are based on the DWS flow record which is relatively long, from 1969/70
to date, with the historical flood of 1953/54 (The largest flood on record: 300 m3/s) added. The 100 year
flood (without climate change impacts) is now estimated to be 342 m3/s at Main Road, Somerset West. This
is similar to the 1:50 year flood from earlier studies.
The flood flow patterns of the August 2013, November 2013 and larger recurrence interval floods were
simulated using two dimensional (2D) hydrodynamic modelling, following calibration of the model against
post-flood surveyed water levels. The key findings are that the extent of flooding is very similar for the
different T(a) floods and that the floodplain discharge is significantly more than what is conveyed by the
main river channel (more than 3 times).
Based on the hydrodynamic model simulations, new floodlines and hazard classification maps are proposed
including climate change impacts, and are generally wider than previously generated floodlines. The wider
floodlines are mainly due to 2D hydrodynamic modelling versus one dimensional modelling used in the past,
and it is clear that 1D modelling for the Lourens River with its wide floodplains is less reliable. Hazard
mapping of the Lourens River and floodplains is also presented.
Possible flood mitigation measures were investigated. The key long term recommendations are a
combination of a flood bypass canal with floodplain walls/berms upstream of the main urban area, with
berms in critical locations along the main river channel.

1.

INTRODUCTION

Following a number of floods in recent years which caused severe flood damage in Somerset West and
Strand, of which the most recent floods were during August and November 2013, the City of Cape Town
initiated a study carried out by the University of Stellenbosch, with the key objectives: Estimation of the
flood recurrence intervals for both the 28 August and 15 November 2013 flood events; Modelling of the
floodplain behaviour (numerical 2D model), considering bed level changes due to erosion and sedimentation,
and revision of the floodlines; and evaluation of the options for urgent flood management works required to
protect existing developments as well as review of the current flood management scheme.
On the afternoon of 15 November 2013 it started to rain at 14h00. The hourly recorded rainfall peaked at
18:00 at 66 mm/h intensity. In 9 hours until 23h00 it rained 179 mm. The Morgenster farm rain gauge is
located approximately in the centre of the catchment of the Lourens River and the highest intensity rainfall of
all the rain gauges was experienced at Morgenster. This rainfall event resulted in flow on the floodplains of
the Lourens River which continued through the urban areas at flow depths of up to 1.2 m deep (Figure 1).
The observed maximum flood levels were surveyed after the flood by City of Cape Town (CoCT) and
flooded areas were plotted by the City of Cape Town as shown in Figure 1.
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Figure 1: Observed flooded areas during the November 2013 flood with current floodlines (CoCT, 2013)
(LHS) and November 2013 flood photograph (RHS) (KFM, 2013)
During the November 2013 flood the left bank floodplain conveyed much more flow than the main channel
of the river. It is possible that main channel bed aggradation occurred in recent years following the bushfires
and increased catchment erosion. On the left floodplain the November 2013 flood entered the urban area near
Penny Lane along the historical channels. In some places along the boundary with the floodplain, the wall
stayed intact in place and sand bags were also used along the wall, but as damming occurred the wall broke
in several places (Figure 2). Once inside the urban area, the discharge exceeded the design capacity of the
local stormwater systems which caused widespread flooding of the urban area located on the floodplain.
The Vergelegen Mediclinic is located centrally on the left bank floodplain. The ground floor of the old
hospital was constructed lower than the surrounding land. A stormwater canal runs between the old and new
(to the south) hospital units. This canal is however overgrown with trees and the culverts far too small to
convey flood water. At the south western side of the hospital at the front entrance the stormwater canal used
to be open in places, but was recently closed in a culvert underneath the helipad leading to Main Road. This
stormwater route between the old and new hospitals was identified in 1996 in the Sigma Beta report as a
possible bypass canal route.
The flood water entered the hospital through outside glass doors and wall mounted air conditioner units were
pushed out by the flood water damming against the building about 1.0 to 1.2 m deep. The water flowed
through the hospital and the hospital had to be evacuated. No lives were lost during this flood but damage to
property and equipment was severe, especially in the lower lying old hospital units (Figure 2).

Figure 2: Flood flow through the Somerset West Mediclinic (KFM, 2013) and boundary wall broken at
Penny Lane on the left bank (RHS) (CoCT, 2013)
Downstream of the hospital on the floodplain the water continued to flow towards the railway line which
created some local damming. At the Hottentots-Holland High (HHH) School the flood water crossed the
school grounds and broke through a prefabricated wall along the N2 Road. The N2 Road caused damming
and helped to force some of the flood water towards the N2 bridge. The N2 bridge was not overtopped.
Downstream of the N2 road the flood water overtopped the small bridge spanning between the two
substation units of Eskom on the left and right banks of the river. Further downtream the floodplain flow
became narrower, but some houses were still damaged. At the Broadway Road (R44) bridge the water
flowed freely through the bridge. The Department of Water and Sanitation (DWS) flow gauging station
G2H044 is located 150 m upstream of this bridge. At the gauging station the peak of the flood was recorded
at a water height above the low notch of the weir of 2.48 m, which is about 3.0 m above the river bed, and
7.81 m above mean sea level (MSL).
Downstream of the Broadway Blvd. bridge, severe flooding of the Kay’s caravan park was experienced. The
flood also flowed onto the right floodplain through the golf course. Upstream of Beach Road bridge, a
natural low area extends on the left floodplain parallel with Beach Road which could be a high hazard zone
due to the depth of flooding that is possible (Figure 1).

2.

2.1

FLOOD HYDROLOGY

Analysis of the 2013 storm events

The Lourens River originates in the Hottentots-Holland mountain series and then drains in a south-westerly
direction until it flows through Somerset West and eventually into False Bay. The majority of the catchment
consists of agricultural land, with steep rocky slopes in the upper reaches and developed areas (Somerset
West and Strand) in the lower reaches. The total catchment area of the Lourens River is 105 km2, with a
longest water course length of 21 km and time of concentration of 3.1 h.
A number of rainfall stations are available for analysis. Unfortunately, most of the station records are too
short to be used with confidence to predict storm rainfall with a 5% (1:20 years) or smaller probability of
occurrence. Since the time of concentration (Tc) for the different catchments to be analysed is between 2 and
3 hours, hourly rainfall is preferable for the analysis.
To overcome the limitations due to the lack of available short duration rainfall data, the design rainfall
required for the flood calculations were based on the 24 hour storm rainfall data as published in “Long
duration rainfall estimates for South Africa” by Smithers and Schulze (WRC Report No 811/1/00, 2000).
This database was subsequently updated with an analysis done by Smithers as part of a study conducted by
SRK (Storm water Infrastructure Asset Management Plan (Phase 2A), Rainfall Analysis and High Level
Master planning: Salt River Catchment, 2011). This revised database (and associated grid/software) was
used to calculate the long term storm rainfall at the positions where hourly rainfall was available in the

process to quantify the storm rainfall events on the required dates (Aug/Nov 2013). Unfortunately, only
limited hourly data was available for the August storm event.
The actual rainfall events of the 28 August 2013 and 15 November 2013 storms were analysed and the peak
rainfall for different storm durations presented in Table 1.
Table 1 : Analysis of actual rainfall storm events
Station

Date
28/08/2013
15/11/2013
28/08/2013
15/11/2013
28/08/2013
15/11/2013
28/08/2013
15/11/2013

Bliksberg
Waterval
Morgenster
Strand Rd. Depot

Storm rainfall (mm)
2hrs
4hrs
24hrs
23.2
35.6
76
50.4
85.2
148.4
22.8
39.8
143
70.8
124.4
219.2
14.7
23.6
68.4
116.7
147.5
237.5
43
53.6
90.8

As illustrated in Table 2, the Morgenster rainfall storm was an extreme but probably localised event with a
recurrence interval of more than 200 years if compared with Smithers data.
Table 2 : Annual recurrence interval of storm events
Station

Date

Bliksberg
Waterval
Morgenster
Strand Rd. Depot

28/08/2013
15/11/2013
28/08/2013
15/11/2013
28/08/2013
15/11/2013
28/08/2013
15/11/2013

Estimated RI (Years)
2hrs
4hrs
<10
<10
20
50
<10
<10
10
20 - 50
<10
<10
> 200
> 200
20 - 50
20 - 50

24hrs
<10
20 - 50
<10
<10
<10
> 200
20 - 50

In an attempt to verify the validity of the Smithers data, the actual short duration (1 hour) rainfall available
(unfortunately only 13 years of data) at Morgenster was analysed using a probabilistic method. During this
analysis it was clear that the rainfall event of November 2013 can be considered as an outlier and if dealt
with as such, the probabilistic analysis of the actual data compared reasonably well with Smithers data,
resulting in the conclusion that the Smithers data can be assumed to be representative of the actual rainfall
data for further design purposes.
The Thiessens polygon approach was used to determine the storm rainfall for each catchment. The 24 hour
catchment rainfall, after applying the Thiessens polygon approach, is shown in Table 3 for each catchment
area.
Table 3 : Catchment 24 hour storm rainfall data

Catchment

Catchment
MAP (mm)

24 hour rainfall (mm) for Recurrence Interval
10 yr

20 yr

50 yr

100 yr

200 yr

Main Rd

1123

133

154

183

207

233

Full

1042

124

144

172

194

218

The 24 hour storm rainfall was then used to calculate the catchment point rainfall for different durations
based on the updated grid information provided by Smithers (SRK, 2011).
The storm rainfall on 15 November 2013 is shown in Figure . This was a significantly more severe event
than the August 2013 event.

Figure 3: Observed hourly rainfall: 15 November 2013
Table 4 shows the catchment rainfall for the storm event of 15 November 2013 based on the 24 hour data,
using the Thiessens polygon approach for the two catchments under evaluation.
Table 4: Catchment rainfall for different durations on 15 November 2013 in mm
Storm rainfall (mm)
2hrs
4hrs
24hrs

Catchment

Date

Main Rd.

15/11/2013

76.8

108.5

180

Full Catchment

15/11/2013

75.2

105.1

174

When the rainfall on 15 November 2013 is compared to the catchment rainfall according to Smithers, the
associated return periods for the different storm durations and catchments can be determined. The results are
shown in Table 5.
Table 5: Return periods for different storm durations on 15 November 2013
Estimated RI (Years)
2hrs
4hrs
24hrs

Catchment

Date

Main Rd.

15/11/2013

100-200

200

50

Full Catchment

15/11/2013

100-200

200

50

Based on the data of Table 5, it can be concluded that the catchment rainfall on 15 November was an event
with a recurrence interval of between 100 and 200 years, which is significantly more severe than the 25
August 2013 event (not shown) with a recurrence of approximately 1 in 10 years for a 2 hour storm duration.
A significant discrepancy between the recurrence interval of the storm rainfall event and the storm runoff
event (to be shown as 1 in 14 years in section 2.2) for the November storm, resulted in further analysis, using
the Rational flood determination methodology.
In Figure 4 the storm rainfall event (in mm) at all the available rainfall stations are plotted together with the
observed runoff for the November 2013 storm event.

Figure 4: Observed rainfall and runoff for the 15 Nov 2013 storm event
The Rational method was then used to calculate the expected storm runoff peak event associated with each
storm rainfall event. The runoff coefficient (C1) was calculated using the catchment characteristics, while
the actual catchment storm rainfall was used as input. Different antecedent (Ft) soil moisture conditions,
which depend on the preceding condition of the catchment, were assumed for different storm events.
For the storm event of 15 November 2013, two distinct flood peaks can be observed. It was clear from the
rainfall record that the preceding 3 weeks were without any significant rain and that the catchment therefore
could be assumed to be reasonably dry before the first peak. This was however not the case for the second
peak. In this event the catchment can be assumed to be completely saturated as a result of the first storm
event.
The Rational method was therefore applied on the second storm rainfall event, assuming a saturated
catchment (Ft between 0.95 and 1). This result in an expected flood peak of between 159 and 167 m3/s,
which tend to be slightly higher than the observed 162 m3/s flood peak.
For the first rainfall storm event (T(a) >1:100 - 200), the catchment was assumed to be dry as explained
before and an associated Ft value of 0.3 resulted in the observed flood peak. It is however important to note
that such a value (Ft = 0.3) is not reported in the context of a design philosophy, but merely to highlight the
fact that the antecedent conditions prior to the first event must have been very dry according to the design
method, which agree with the lack of rain prior to the storm event. No significance can however be given to
the actual Ft value in this context.
2.2

Flood frequency analysis

While the rainfall is an important input parameter to the deterministic flood frequency methods, the
availability of actual flow data makes it possible to do a probabilistic analysis on the annual maximum
recorded flood peaks. Both deterministic and probabilistic methods will be dealt with.
a)

Deterministic methods

Various deterministic methods are available with different limitations on their applications. The catchment
characteristics frequently dictated the methodology to be used. The small catchment area of the Lourens
River limits the methods to be used to the Rational method (with both the standard storm rainfall
methodology as well as the storm rainfall as proposed by Smithers), the Standard Design Flood (SDF) and
the SCS-SA methods.
The Rational method with the standard storm rainfall methodology uses a co-axial diagram developed in the
1970’s to derive the storm rainfall from Mean Annual Precipitation (MAP) and is no longer considered
applicable. Using the Smithers data to derive storm rainfall provides the most up-to–date methodology,
which is referred to in this report as the Alternative Rational method. There is sufficient evidence in the
literature that the SDF methodology needs further refinement with reference to the size of the basins used to
calculate the flood peaks. The SCS-SA method was originally developed for small rural areas and can be
used, but requires significant more detail on soil and land use information to be applied with confidence. All
of these methods were applied.
The results based on the Rational method using storm rainfall which includes the impact of climate change
for the Main Road catchment, are presented in Table 6.
b)

Observed Annual Maximum Floods Probabilistic analysis

The annual recurrence interval of recorded flood peaks in the Lourens River was assessed by evaluating the
flow records of three gauging stations on the river. The regional office of DWS Hydro, Worcester, provided
the recent flood flow records, and the overlapping periods of the old gauging stations were analysed together
with backwater calculations (by using a calibrated 2D hydrodynamic model), to extend the discharge table
limits onto the floodplains to obtain annual maximum flood discharges.
The 25 January 1981 flood peak was the highest recorded by the DWS gauging station: 273 m3/s. This flood
resulted in the flooding of the Somerset Oaks Old Age Home and the Pick and Pay supermarket near the
1845 bridge. The flood also transported large amounts of debris and trees which were deposited at the river
mouth.
There was a larger flood than the 1981 flood which occurred in 1954. This flood was reported to flow 1.5 km
wide at Main Road, and 1 m deep. This flood was estimated to have a peak discharge of 300 m3/s based on
two dimensional hydrodynamic modelling of this study. In those years there was no urban development on
the left bank of the Lourens River in Somerset West.
Figure 5 shows the observed annual maximum flood peaks which were used, with the 1954 flood to carry out
a probabilistic flood analysis.

Historical flood peaks on Lourens River Main Road
Instantaneous peak discharge (m3/s)

300
250
200
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0

Figure 5: Observed historical flood peaks at Main Road based on DWA flow record

Table 6 shows a summary of the flood peaks as determined independently using deterministic and
probabilistic methods. The probabilistic flood peaks are recommended for future floodline determination
since they are based on a long historical flow record since 1969/70 as well as a historical flood of 1953/54.
Probabilistic methods were not used on any previous flood hydrology study on the Lourens River because
the gauging station water levels of large floods could not be converted to discharges.
The deterministic method flood peaks indicated in the table below are very similar to what was proposed in
the Sigma Beta report (1996) (Q50 = 350 m3/s) and others, who also used deterministic methods based on
rainfall statistics.
The City of Cape Town accepts a 15% increase in the actual storm rainfall to allow for predicted impacts of
climate change on large infrastructure projects. This figure was used in all analysis where the final design
storm rainfall for long term solutions is proposed. No further analysis was done on the validity of the 15 %
increase.
Table 6: Summary of flood peaks based on deterministic and probabilistic methods at Main Road (m3/s)
T(a)

1:2

1:5

1:10

1:20

1:50

1:100

Probability of failure (x)

0.5

0.2

0.1

0.05

0.02

0.01

185

232

312

394

Deterministic: Main Road
Probabilistic: Main Road (proposed)

70

109

145

190

267

342

Proposed Design flood peaks with
climate change (+15% rainfall
intensity) at Main Road

80

126

167

219

307

393

The recurrence intervals of the recent large floods and some of the historical large floods are indicated in
Table 7, based on the probabilistic floods derived in this study. The November 2013 flood was a 14 year
flood event.
Table 7: Recurrence intervals of historical floods
Flood date

3.

Flood peak (m3/s)

Recurrence interval (yr)

August 2013

110

5

November 2013

162

14

January 1981

273

54

1954

300

72

FLOOD ROUTING BY TWO DIMENSIONAL HYDRODYNAMIC MODELLING,
FLOODLINES AND FLOOD HAZARD MAP

The flood flow patterns of the August 2013, November 2013 and larger recurrence interval floods were
simulated by two dimensional (2D) hydrodynamic model (Mike21C of the DHI Group), following
calibration of the model against about 500 post-flood surveyed water levels. The key findings are that the

extent of flooding is very similar for the different T(a) floods and that the floodplain discharge is
significantly more than what is conveyed by the main river channel (more than 3 times).
The upstream boundary of the model is located on the Vergelegen farm, while the downstream end is in the
sea near the river mouth. A LiDAR survey of 2012 was obtained from the CoCT. A mesh with size of about
3 x 3 m was selected for accurate simulation of the main channel and floodplain flow. The model simulates
the hydrodynamics in a fully hydrodynamic mode, with time steps of the unsteady simulation typically less
than 1 second. The accuracy of the surveyed water levels/debris is estimated to be ±0.15 m. The predicted
water levels indicate a 0.24 m overestimation on average, with a standard deviation of 0.44 m. This is
considered accurate enough and conservative for the prediction of larger recurrence interval flood levels.
The flood flow patterns in the middle reach from Radloff Park to the N2 Road as simulated by the 2D model
is shown in Figure 6 as flow depths during the peak of the November 2013 flood. At the upstream end of
Radloff Park most of the flood flow is conveyed in the main channel, local floodplains and the far left
floodplain. At Hathersage farm most of the flow through this old river channel on the right bank floodplain
originates from the right bank catchment. Downstream of Hathersage this floodplain flow pattern spreads out
wider to about twice the width by the time it reaches Main Road. At least three small streams divert flow
from the main channel downstream of Hathersage and upstream of the 1845 bridge towards the right bank
floodplain flow.
Generally the main channel between Main Road and the railway line seems to flow in isolation, cut off from
its floodplains during this flood. The flow depths in the main channel upstream of Main Road generally
exceeded 1.5 m, while between Main Road and the Railway line shallower flow depths of 1.0 to 1.5 m were
also simulated.
The left bank floodplain flow upstream of Penny Lane remains at the far left hand side of the floodplain and
crosses the boundary wall as indicated in Figure 6. After crossing the boundary wall, the flow turns in a west
south westerly direction until it crosses Bizweni Avenue, and then turns in a south westerly direction parallel
with Oak bridge Road, and spreads out across the full width of the Mediclinic hospital, flowing around and
through the old and new hospital units. The flow depths simulated at the hospital are 0.5 m to 1.0 m, which is
similar to what was observed in the field. After crossing Main Road the flow continues towards the railway
line in an almost westerly direction. At the railway line damming deeper than 1.5 m is experienced on the left
and right floodplains, and the flow spills over the railway line (note that only the railway line bridge was
simulated, not the culverts at the railway line).
Bizweni Avenue upstream of Main Road acts as a stormwater canal on the floodplain. About 350 m
upstream of Main Road, some of the Bizweni Avenue stormwater is diverted in a southerly direction towards
the hospital, following streets. The general flow depth in Bizweni Avenue is 0.3 m, but damming occurs
upstream of Main Road for about 100 m with a depth near 1.0 m, and the width of damming nearly 150 m
wide. Bizweni Road was closed for traffic during the flood. Local stormwater should be designed to drain the
dammed stormwater back to the main channel of the Lourens River by pipeline, even if left bank floodplain
mitigation measures are implemented as proposed in this study.
On the far left hand side of the floodplain downstream of Penny Lane some of the stormwater continues to
flow in a south westerly direction (see red arrow). The discharge is relatively small but has to be considered
in local stormwater capacity evaluation.
At the N2 Road bridge, the approach roads dams the water and conveys it towards the bridge. Significant
damming (> 1.5 m) occurs to the left of the N2 Bridge. This is also the location where the prefabricated
concrete wall collapsed during the flood. Note that culverts were not modelled. If there are culverts, the local
stormwater flow patterns should be evaluated to see what their effect would be on limiting the damming, but
also where the stormwater goes after passing through a culvert. In the November 2013 flood simulation no
flood water spilled across the N2 Road.

Figure 6: Simulated middle reach flow depth near peak of the November 2013 flood
In the lower river reach downstream of the N2 Road the flood flow exceeded the capacity of the channel and
floodplain flow across the left and right floodplains were simulated (Figure 7). On the right bank side the
flow occurred beyond Victoria Street. The Eskom substation was under water as well as their bridge across
the main channel. At Broadway Blvd all the flow passes through the bridge, except some of the right bank
floodplain flow which would be conveyed through the road by culverts (not simulated in the model).
At Kay’s caravan park the left bank floodplain flow is about 100 m wide and flow right through the park.
Flooding of the golf course on the right bank occurs as would be the case naturally, downstream of Kay’s
caravan park and the 1928 pipe bridge, but further upstream the four dams on the right bank floodplain is
constricting the river flow. It is proposed that these triangular shaped dams are removed following a more
detailed hydraulic study when the proposed flood levees (this study) are designed.
On the left floodplain downstream of Kay’s caravan park ponding is simulated parallel with Beach Road
covering a large area. This seems to be a high hazard area in terms of depth of ponding that is possible,
especially during large floods. Figure 7 shows that this area was connected to the main channel during the
peak of the flood.
Based on the hydrodynamic model simulations, new floodlines and hazard classification maps are proposed
including climate change impacts, and are generally wider than previously generated floodlines (Figure 8).
The wider floodlines are mainly due to 2D hydrodynamic modelling versus one dimensional modelling used
in the past, and it is clear that 1D modelling for the Lourens River with its wide floodplains is less reliable.
Hazard mapping of the Lourens River and floodplains is also presented. The City of Cape Town has a hazard
zone policy as indicated below (CoCT, 2009): “The high hazard zone within a floodplain, based on an
analysis of the expected flow characteristics of the 100-year flood, should be graphically indicated. The
ability to wade or gain vehicular access as well as the stability of structures such as dwellings or boundary
walls are deemed seriously compromised under these conditions. No new or additional rights or the
exercising of existing development rights will be granted to properties located within the high hazard zone.”
The tidal level by year 2060 due to climate change will be 2.44 m MSL for a 100 year ARI. The flood hazard
zones are shown in Figure 8.

Figure 7: Simulated lower reach flow depth near peak of November 2013 flood (N2 to Beach Road)

Figure 8: Old floodlines (dark blue: previous floodlines and yellow: current) vs. new (this study) floodlines
(light blue: 20year, pink: 50 year and red: 100 year) with climate change with aerial photo as background
(LHS) and Flood hazard map for the 100 year flood with climate change based on CoCT policy (2009): Red:
vehicles, wading and light structures at risk (RHS)

4.

PROPOSED FLOOD MITIGATION MEASURES

The current flood hazard risk of the Lourens River is high (Figure 8) and it is therefore proposed that certain
short term emergency measures are implemented, followed as soon as possible by permanent measures in the
form of a bypass canal and flood levees, designed for at least the 50 year flood.
Short term emergency measures should include: (a) Restore boundary wall upstream of Penny Lane. The
minimum height of the wall should be as simulated in this study for at least the 10 year flood, with freeboard
added; (b) Solve the local damming problem at the Bizweni-Main Road crossing by local stormwater pipe;
(c) Clear river alien vegetation species, fallen trees, excessive trees, and planted trees on the floodplains in
the urban area and clear flow paths through bridges; (d) Remove erosion protection at islands to prevent
flood flow deflection; and (e) upgrade the channel between Penny Lane and the N2 Road for 75 m3/s
discharge capacity with freeboard.
Due to the relatively high annual risk of flooding the following mitigation measures should be carried out as
high priority:

a) Design a bypass canal to convey 232 m3/s along the shortest and hydraulically steepest route and
preferably as open canal, with intake structure and USBR type stilling basin at the downstream end. The
length of the bypass canal would be about 2500 m and would start opposite Penny Lane and end
downstream of the N2 Road (Figure 9). A flood attenuation dam was evaluated as alternative to the canal
but was found to be too expensive compared to a bypass canal, with possible fluvial morphological
impacts upstream and downstream of the dam.
b) In conjunction with the bypass canal design, design flood levees downstream of the N2 Road to Beach
Road (Figure 9). The levees should tie in with the proposed wave wall at Beach Road. Consideration
should be given how local stormwater would be drained from behind the levees when the river is in flood
and/or the sea levels are high. Pipe bridges should be placed deep under the river bed. The right bank
dams downstream of Broadway Blvd should be removed. The bridge discharge capacities downstream of
the N2 should be increased for at least the 50 year design flood with climate change.

Figure 9: Proposed bypass canal routes (LHS) and plan layout of the proposed flood levees (RHS)
c) The required discharge capacities of bridges upstream of the N2 Road should be reconsidered. The
available major flood flow in the main channel is about 70 to 75 m3/s. The main channel is relatively
small and debris at bridge piers could affect the bridge capacities. It is proposed that the bridges and main
channel flood protection measures upstream of the N2 and downstream of Penny Lane are designed for a
discharge capacity of 75 m3/s with freeboard.
d) It is proposed that the CoCT monitors catchment management and land use together with the Department
of Agriculture. It is also recommended that the Hathersage farm is not developed as urban development.
In fact, further urban development should be limited in the catchment upstream of Penny Lane. Land use
changes in the existing urban areas could be considered to limit the impacts of flooding but should not
increase the current runoff coefficient of these properties.
e) That the new floodlines and hazard zones be implemented as a result of the hydrodynamic model
simulations. That this information be used to evaluate township and land use applications and to assist in
drawing up disaster risk management plans.
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